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Cementitious MaterialsCementitious Materials

• CementCement

•• Fly AshFly Ash

•• Manufacturer’s Certification ofManufacturer’s Certification of
ComplianceCompliance

•• Mill Test ReportsMill Test Reports

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Cementitious MaterialsCementitious Materials

•• PrePre--Construction TestingConstruction Testing

•• QA TestingQA Testing

•• Waybills and Delivery TicketsWaybills and Delivery Tickets

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



CementCement

-- ASTM C 150ASTM C 150

•• Type I,Type I, Low AlkaliLow Alkali

-- Maximum Temperature : 65Maximum Temperature : 65 ºº CC
(150(150ºº F)F)

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Blended CementsBlended Cements
•• Blended CementBlended Cement

•• ASTM C 595ASTM C 595

•• Type IP (15Type IP (15--40%), (Pozzolan)40%), (Pozzolan)

•• Type IS (25Type IS (25--75%), (Slag)75%), (Slag)

•• Technical Support AvailableTechnical Support Available

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Fly AshFly Ash

•• Finely Divided Residue From Coal CombustionFinely Divided Residue From Coal Combustion

•• Composition Varies With Coal SourceComposition Varies With Coal Source

•• Class F: Anthracite, BituminousClass F: Anthracite, Bituminous

•• Class C:Class C: SubbitunimousSubbitunimous, Lignite, Lignite

•• Setting PropertiesSetting Properties

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Fly AshFly Ash (Pozzolan)(Pozzolan)

•• ASTM C 618, Class FASTM C 618, Class F

•• LOI: NTE 3%LOI: NTE 3%

•• CaOCaO: NTE 8% (ASR Mitigation): NTE 8% (ASR Mitigation)

•• Optional RequirementsOptional Requirements

(TABLE 1A and 2A)(TABLE 1A and 2A)

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Fly Ash (Pozzolan)Fly Ash (Pozzolan)
-- Optional RequirementsOptional Requirements

-- AlkaliesAlkalies

-- Drying ShrinkageDrying Shrinkage

-- Multiple FactorMultiple Factor

-- UniformityUniformity

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Fly AshFly Ash
•• NonNon--Reactive AggregatesReactive Aggregates

••1515 –– 35% of Total35% of Total CementitiousCementitious (Mass)(Mass)

•• Reactive Aggregate (Reactive Aggregate (ASR Mitigation):ASR Mitigation):

•• Class F:Class F:

•• 2525 -- 40 % of Total Cementitious (Mass)40 % of Total Cementitious (Mass)

•• Calcium Oxide (Calcium Oxide (CaOCaO): < 8%): < 8%

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Ground Granulated Blast Furnace SlagGround Granulated Blast Furnace Slag
GGBFGGBF

-- ASTM C 898ASTM C 898

•• Grade 120Grade 120

•• 40%40% -- 50% of Total Cementitious (Mass)50% of Total Cementitious (Mass)

-- Technical Support AvailableTechnical Support Available

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center

Cement Certification
and Mill Test Reports



US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center

Fly Ash Certification
and Mill Test Reports



PAVEMENTPAVEMENT
DISTRESSESDISTRESSES

MATERIALS RELATEDMATERIALS RELATED



ASR PAVEMENT DISTRESSESASR PAVEMENT DISTRESSES

KIRTLAND AFB, NMKIRTLAND AFB, NM



ASR MAP CRACKINGASR MAP CRACKING

HOLLOMAN AFB, NMHOLLOMAN AFB, NM



ASR Expansion Foundation DamageASR Expansion Foundation Damage

Ft. Ft. CambellCambell, KY., KY.



(Pavement) (Structures)



“POP“POP--OUTS”OUTS”



AggregatesAggregates



AggregatesAggregates
-- Comprise Largest Volume of ConcreteComprise Largest Volume of Concrete
Mixtures, Typically 60Mixtures, Typically 60 ––80%80%

-- Grading, Size, Chemical Composition,Grading, Size, Chemical Composition,
Porosity, Surface Texture, and ShapePorosity, Surface Texture, and Shape
Greatly Influence Plastic and HardenedGreatly Influence Plastic and Hardened
PropertiesProperties

-- Must be DurableMust be Durable

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



AggregatesAggregates
-- Satisfactory Service RecordSatisfactory Service Record

-- Minimum 5 YearsMinimum 5 Years

-- Three Paving ProjectsThree Paving Projects

-- New SourceNew Source

•• Freeze Thaw TestingFreeze Thaw Testing

-- Performed By Qualified P.E.Performed By Qualified P.E.

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Satisfactory Service RecordSatisfactory Service Record

-- Guidance ETL 1110Guidance ETL 1110--33--488:488:

“Design and Construction Management“Design and Construction Management
Practices for Concrete Pavements”Practices for Concrete Pavements”

-- Material SourcesMaterial Sources -- Material QualityMaterial Quality

-- Mix DesignMix Design -- Design ParametersDesign Parameters

-- StrengthStrength -- Strength TestsStrength Tests

-- Pavement ConditionPavement Condition -- DistressesDistresses

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



AggregatesAggregates
-- Aggregate SupplierAggregate Supplier

-- Quality Tests (Current within 1 Yr)Quality Tests (Current within 1 Yr)

-- Internal Control TestingInternal Control Testing

-- GradingGrading -- Specific GravitySpecific Gravity

-- State Dot Quality Testing ProgramState Dot Quality Testing Program

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Primary Aggregate Nominal Size

37.5 x 1937.5 x 19 25 x 4.7525 x 4.75 FineFine

AggregatesAggregates



Coarse AggregatesCoarse Aggregates
-- ASTM C 33ASTM C 33

•• Size 4 (19 mmSize 4 (19 mm -- 37.5 mm )(3/4”/137.5 mm )(3/4”/1--1/2”)1/2”)

•• Size 67 (4.75 mmSize 67 (4.75 mm –– 19 mm)(No. 419 mm)(No. 4-- / ¾”)/ ¾”)

•• Crushed StoneCrushed Stone

•• Washed, Clean, Hard, UncoatedWashed, Clean, Hard, Uncoated

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Coarse AggregatesCoarse Aggregates
-- Larger Coarse Aggregate SizesLarger Coarse Aggregate Sizes

-- Occupies More Total VolumeOccupies More Total Volume

-- Reduces Paste ContentReduces Paste Content

-- Reduces ShrinkageReduces Shrinkage

-- Reduces Water DemandReduces Water Demand

-- More EconomicalMore Economical
US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



AggregatesAggregates
•• Calibration HardstandsCalibration Hardstands

-- Free of Materials W/ Magnetic PropertiesFree of Materials W/ Magnetic Properties

•• Power Check PadsPower Check Pads

-- Limestone, Dolomite, BasaltLimestone, Dolomite, Basalt

-- NonNon--Thermal Sensitive MaterialThermal Sensitive Material

-- Distress From Jet BlastDistress From Jet Blast

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Coarse Aggregate QualityCoarse Aggregate Quality
-- Particle ShapeParticle Shape

•• SphericalSpherical •• CubicalCubical

-- Flat and Elongated PiecesFlat and Elongated Pieces

•• < 20% by Weight (Any Size)< 20% by Weight (Any Size)

•• Flat : W/T > 3Flat : W/T > 3

•• Elongated: L/W > 3Elongated: L/W > 3

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Flat and Elongated PiecesFlat and Elongated Pieces

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



-- Flat and Elongated Pieces TestFlat and Elongated Pieces Test

-- Avoid Introducing Structural Planes ofAvoid Introducing Structural Planes of
Weakness in Finished ConcreteWeakness in Finished Concrete

-- Workability Problems w/ Excess F/E PiecesWorkability Problems w/ Excess F/E Pieces

-- Durability Problems if Air and WaterDurability Problems if Air and Water
Trapped Under F/ETrapped Under F/E

Coarse AggregatesCoarse Aggregates

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Coarse Aggregate QualityCoarse Aggregate Quality
-- Freeze / ThawFreeze / Thaw

•• CRDCRD--C 114C 114
http://www.http://www.weswes.army.mil/SL/MTC/handbook.army.mil/SL/MTC/handbook

•• Durability Factor ( > 50)Durability Factor ( > 50)

-- Los Angeles Abrasion (Wear Test)Los Angeles Abrasion (Wear Test)
ASTM C 131ASTM C 131

•• < 40%< 40%

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Fine AggregateFine Aggregate

-- ASTM C 33 GradingASTM C 33 Grading

-- Particle ShapeParticle Shape

-- CubicalCubical -- SphericalSpherical

-- SoundnessSoundness

-- Sand EquivalencySand Equivalency

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Fine AggregateFine Aggregate

-- CompositionComposition

•• Clean, Hard & DurableClean, Hard & Durable

•• Manufactured / Natural / CombinationManufactured / Natural / Combination

-- Free ofFree of ClayballsClayballs and Woodand Wood

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Fine Aggregate QualityFine Aggregate Quality
-- Freeze / ThawFreeze / Thaw

•• Durability Factor (> 50)Durability Factor (> 50)

•• CRDCRD--C 114C 114

-- Fineness Modulus (CRD C 104)Fineness Modulus (CRD C 104)

•• FM > 2.50 and FM < 3.0FM > 2.50 and FM < 3.0

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



AlkaliAlkali--Silica ReactivitySilica Reactivity
(ASR(ASR)



AlkaliAlkali--Silica Reactivity inSilica Reactivity in
Hardened ConcreteHardened Concrete

•• Step 1Step 1 –– Alkali + Silica React forming aAlkali + Silica React forming a
Gel Reaction ProductGel Reaction Product

•• Step 2Step 2 –– Gel Reaction ProductGel Reaction Product
Absorbs Moisture and ExpandsAbsorbs Moisture and Expands

•• Expansion Causes DamageExpansion Causes Damage

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



ASR Test MethodsASR Test Methods
•• C 295C 295 -- Petrographic ExaminationPetrographic Examination

•• C 289C 289 –– Quick Chemical Test (False Negatives)Quick Chemical Test (False Negatives)

•• C 227C 227 –– Mortar Bar Test (False Negatives)Mortar Bar Test (False Negatives)

•• C 1260C 1260 –– Accelerated Mortar Bar TestAccelerated Mortar Bar Test

•• C 1293C 1293 –– Concrete Prism Test (CPT)Concrete Prism Test (CPT)

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



C 295C 295 -- PetrographicPetrographic
ExaminationExamination

•• Known Reactive Rock TypesKnown Reactive Rock Types

•• Presence of Known ReactivePresence of Known Reactive

ConstituentsConstituents

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Reactive ConstituentsReactive Constituents

•• CristobaliteCristobalite,,
TridymiteTridymite

•• Volcanic GlassVolcanic Glass
(SiO(SiO22))
–– FelsicFelsic (+ 66%)(+ 66%)
–– IntermediateIntermediate

(Less than(Less than
52%)52%)

•• OpalOpal

•• ChalcedonyChalcedony

•• QuartzQuartz

–– Granulated,Granulated,
Strained,Strained,
Microcrystalline,Microcrystalline,
CryptocrystallineCryptocrystalline

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



ASTM C-1260 Test



ASTM C 1260

•• Test Fixed Grading (No 4Test Fixed Grading (No 4 -- No. 100No. 100))

•• W/C Ratio: 0.47W/C Ratio: 0.47

•• Fabricate Mortar Bars: 1Fabricate Mortar Bars: 1””x1x1””x11.2x11.2””

•• Use Project Cement and Mitigation AgentUse Project Cement and Mitigation Agent

•• Data in 16 daysData in 16 days

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



ASTM C 1260 – ASR Testing

••Test Individual AggregatesTest Individual Aggregates
(Coarse and Fine)(Coarse and Fine)

••Test Proposed AggregateTest Proposed Aggregate
Blend (Proposed Mix)Blend (Proposed Mix)

•• Length Change DeterminedLength Change Determined
at Least 3 timesat Least 3 times Over a 14Over a 14
day Periodday Period



ASTM C 1260 Specimens
Albuquerque, NM Aggregates

•• Approved LaboratoryApproved Laboratory

•• Vary Quantity of MitigatingVary Quantity of Mitigating
Measure During TestingMeasure During Testing



All AggregatesAll Aggregates
-- AlkaliAlkali--Silica ReactivitySilica Reactivity

-- Test each Aggregate SizeTest each Aggregate Size

-- ASTM CASTM C--1260 (Modified)1260 (Modified)

•• Proposed Aggregate Blend (i.e. 60/40)Proposed Aggregate Blend (i.e. 60/40)

•• Utilize Project MaterialsUtilize Project Materials

-- CementCement

-- Class F Fly Ash (25Class F Fly Ash (25 -- 40% by Mass)40% by Mass)

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



All AggregatesAll Aggregates
-- AlkaliAlkali--Silica ReactivitySilica Reactivity

•• ASTM CASTM C--1260 (Modified)1260 (Modified)

•• Proposed Blend: Expansion less than 0.08Proposed Blend: Expansion less than 0.08
@ 16 Days.@ 16 Days.

•• If Test FailsIf Test Fails –– Reject Aggregate ContractorReject Aggregate Contractor
shall Submit New Sourceshall Submit New Source

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Texts on ASR BasicsTexts on ASR Basics

•• ACI 221.1ACI 221.1--9898 –– StateState--ofof--thethe--Art Report onArt Report on
AlkaliAlkali--Aggregate ReactivityAggregate Reactivity

•• SHRP CSHRP C--315315 –– Handbook for the IdentificationHandbook for the Identification
of ASR in Highway Structuresof ASR in Highway Structures

http://http://leadstatesleadstates..tamutamu..eduedu//asrasr/library/C315/library/C315

•• PCAPCA –– Diagnosis and Control of AAR inDiagnosis and Control of AAR in
Concrete (ACPA, NSSGA, NRMCA)Concrete (ACPA, NSSGA, NRMCA)

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



ASR Technical ReportASR Technical Report



PETROGRAPHYPETROGRAPHY



Petrographic IdentificationPetrographic Identification

-- Describes and Classify Aggregate ConstituentsDescribes and Classify Aggregate Constituents

-- Determines Relative Amounts of ConstituentsDetermines Relative Amounts of Constituents

-- Identification of Unstable MaterialsIdentification of Unstable Materials

-- (Chemical, Thermal, Moisture)(Chemical, Thermal, Moisture)

-- Quantifies Weathered/ Altered Particles in CoarseQuantifies Weathered/ Altered Particles in Coarse
AggregatesAggregates

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Petrographic IdentificationPetrographic Identification
-- Evaluate Shape, Angularity, & SurfaceEvaluate Shape, Angularity, & Surface
TextureTexture

-- Identify Presence Of AlkaliIdentify Presence Of Alkali-- ReactiveReactive
ConstituentsConstituents

-- Identify Contaminants (Gypsum, Soil,Etc)Identify Contaminants (Gypsum, Soil,Etc)

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Petrographic IdentificationPetrographic Identification
-- General Visual ExaminationGeneral Visual Examination

-- Unaided Eye, Hand Lens,Unaided Eye, Hand Lens,
StereomicroscopeStereomicroscope

-- DetailedDetailed MineralogicMineralogic ProfileProfile

-- Polarizing MicroscopePolarizing Microscope

-- Thin SectionsThin Sections

-- XX--ray Diffraction (XRD)ray Diffraction (XRD)

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Petrographic Identification RequirementsPetrographic Identification Requirements

-- USACE Approved LabUSACE Approved Lab

-- Petrographic ExaminerPetrographic Examiner

-- Furnish Resume to USACEFurnish Resume to USACE

-- Subject to Approval 10 Days Prior to TestingSubject to Approval 10 Days Prior to Testing

-- ASTM CASTM C--295295

-- Follow Detailed Specification ProcedureFollow Detailed Specification Procedure

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Petrographic RequirementsPetrographic Requirements
-- No Additional Time, Payment Due To DelaysNo Additional Time, Payment Due To Delays
In Testing, Evaluation Or PersonnelIn Testing, Evaluation Or Personnel
RequirementsRequirements

-- Material QuantityMaterial Quantity

•• Coarse ( ¾” To 1 ½”): 200 Lbs. (90 Kg)Coarse ( ¾” To 1 ½”): 200 Lbs. (90 Kg)

•• Coarse (No. 4 To ¾”): 25 Lbs. (12 Kg)Coarse (No. 4 To ¾”): 25 Lbs. (12 Kg)

•• Fine: 10 Lbs. (5 Kg)Fine: 10 Lbs. (5 Kg)

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Deleterious MaterialsDeleterious Materials
-- Clay Lumps and Friable Particles 0.Clay Lumps and Friable Particles 0.2 Max.2 Max.

-- ShaleShale 0.1 Max.0.1 Max.

-- Material Finer Than 0.075 mm (No. 200) 0.5 Max.Material Finer Than 0.075 mm (No. 200) 0.5 Max.

-- Lightweight ParticlesLightweight Particles (2.0 Sp.G)(2.0 Sp.G) 0.2 Max.0.2 Max.

-- Clay IronstoneClay Ironstone 0.1 Max.0.1 Max.

-- ChertChert and Cherty Stoneand Cherty Stone (<2.4 Sp.G)(<2.4 Sp.G) 0.1 Max.0.1 Max.

-- ClaystoneClaystone, Mudstone, Siltstone 0.1 Max., Mudstone, Siltstone 0.1 Max.

-- ShalyShaly and Argillaceous Limestone 0.2 Max.and Argillaceous Limestone 0.2 Max.

-- Other Soft ParticlesOther Soft Particles 1.0 Max.1.0 Max.

-- Total of All Deleterious MaterialsTotal of All Deleterious Materials

Except Material Finer Than 0.075mm 1.0 Max.Except Material Finer Than 0.075mm 1.0 Max.

COARSE AGGREGATES

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



-- Clay Lumps and Friable ParticlesClay Lumps and Friable Particles 1.0 Max.1.0 Max.

-- Material Finer Than 0.075 mm (No. 200) 3.0 Max.Material Finer Than 0.075 mm (No. 200) 3.0 Max.

-- Lightweight Particles (Medium Sp. G = 2.0) 0.5 Max.Lightweight Particles (Medium Sp. G = 2.0) 0.5 Max.

-- Total of All Deleterious MaterialsTotal of All Deleterious Materials 3.0 Max.3.0 Max.

Deleterious MaterialsDeleterious Materials
FINE AGGREGATEFINE AGGREGATE

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



-- Submission of Outdated Information or ASTM C 295 Evaluation. Submission of Outdated Information or ASTM C 295 Evaluation. 
(Smaller Samples). Evaluation Does Not Address Table of Deleteri(Smaller Samples). Evaluation Does Not Address Table of Deleterious ous 
Materials Noted In UFGS.Materials Noted In UFGS.

-- Submission of Test Data Performed by NonSubmission of Test Data Performed by Non--Validated / Accredited Validated / Accredited 
Laboratories and /or Laboratories and /or PetrographerPetrographer..

-- Only 4 Labs USACE Validated for ASTM C 295Only 4 Labs USACE Validated for ASTM C 295

-- CCRL and AMRL CCRL and AMRL DO NOTDO NOT Inspect Labs for ASTM C 295Inspect Labs for ASTM C 295

-- Lab/ Lab/ PetrographerPetrographer NOT Provided Copy of Spec or Testing Sequence NOT Provided Copy of Spec or Testing Sequence 
Described in UFGS.Described in UFGS.

Deleterious Testing RecurringDeleterious Testing Recurring
IssuesIssues



-- PetrographicPetrographic Examiner Unaware of Minimum Test Sample Sizes or Examiner Unaware of Minimum Test Sample Sizes or 
Required Testing Sequence Noted In UFGS.Required Testing Sequence Noted In UFGS.

-- PetrographicPetrographic Examiner Not Utilizing Separation Medium of 2.40 Examiner Not Utilizing Separation Medium of 2.40 
Sp.G. in Determination of Sp.G. in Determination of ChertChert and Cherty Stone.and Cherty Stone.

-- Insufficient Lead Time Given to Lab to Perform Testing. DeleterInsufficient Lead Time Given to Lab to Perform Testing. Deleterious ious 
Examination Report Should be Reviewed and Approved Prior to Examination Report Should be Reviewed and Approved Prior to 
Starting Mix Design Studies.Starting Mix Design Studies.

-- KtrKtr. Complaints of Associated Cost of Test and Length of Time To . Complaints of Associated Cost of Test and Length of Time To 
Obtain Test Evaluation Data.Obtain Test Evaluation Data.

-- Assure Testing Is Performed and Not Waived. Repetitive Lack of Assure Testing Is Performed and Not Waived. Repetitive Lack of 
Enforcement, of  this Requirement, Exists.Enforcement, of  this Requirement, Exists.

Deleterious Testing RecurringDeleterious Testing Recurring
IssuesIssues



PetrographicPetrographic ReportReport



Chemical AdmixturesChemical Admixtures



-- Used to Modify Concrete PropertiesUsed to Modify Concrete Properties

-- Improve WorkabilityImprove Workability

-- Reduce Quantity of Mixing WaterReduce Quantity of Mixing Water

-- Control Initial SetControl Initial Set

ADMIXTURESADMIXTURES

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



-- Reduce Heat GenerationReduce Heat Generation

-- Accelerate Strength GainAccelerate Strength Gain

-- Increase StrengthIncrease Strength

-- Improve DurabilityImprove Durability

AdmixturesAdmixtures

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Chemical AdmixturesChemical Admixtures

-- Air Entraining (ASTM C 260)Air Entraining (ASTM C 260)

-- WaterWater--Reducer (ASTM C 494;Reducer (ASTM C 494;
Type A or D)Type A or D)

-- Six Month / One YearSix Month / One Year
Strength Tests WaivedStrength Tests Waived

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Chemical AdmixturesChemical Admixtures

-- RetarderRetarder (ASTM C 494; Type B)(ASTM C 494; Type B)

-- Shall Not Be Used To DecreaseShall Not Be Used To Decrease
Cementitious ContentCementitious Content

-- Accelerator (ASTM C 494; Type C)Accelerator (ASTM C 494; Type C)

-- Calcium Chloride Not PermittedCalcium Chloride Not Permitted

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Chemical AdmixturesChemical Admixtures
-- Only Admixtures Used in Approved Mix DesignOnly Admixtures Used in Approved Mix Design

-- Dosage per Design RequirementsDosage per Design Requirements

-- No Substitution, Deletion, Interchanging ofNo Substitution, Deletion, Interchanging of
Admixtures Permitted W/O Verification TestingAdmixtures Permitted W/O Verification Testing

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Chemical AdmixturesChemical Admixtures

-- Certificates of ComplianceCertificates of Compliance

-- Manufacturer Test ReportsManufacturer Test Reports

-- High Range Water ReducingHigh Range Water Reducing
AdmixturesAdmixtures NOTNOT permittedpermitted

-- Technical Support AvailableTechnical Support Available

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center

Cement Certification
and Mill Test Reports

•• Identification of LotIdentification of Lot

•• Current CertificationCurrent Certification



WaterWater



WaterWater
-- FreshFresh -- CleanClean

-- PotablePotable

-- Minimal AmountsMinimal Amounts

-- OilOil -- AcidAcid

-- SaltSalt -- AlkaliAlkali

-- NonNon --PotablePotable

•• CDRCDR--C 400C 400
US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



WATERWATER

-- ChoridesChorides ((ClCl)) 10001000 ppmppm Max.Max.

-- Sulfates (SOSulfates (SO44)) 30003000 ppmppm Max.Max.

-- Alkalis (Alkalis (NaONaO)) 600600 ppmppm Max.Max.

-- Total SolidsTotal Solids 50,00050,000 ppmppm Max.Max.

ASTM C 94ASTM C 94

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Albuquerque DistrictAlbuquerque District

South Pacific 
Division

Concrete Mix Design RequirementsConcrete Mix Design Requirements

Presented by: Gene GutierrezPresented by: Gene Gutierrez

gene.gutierrez @usace.army.mil 505.342.3485gene.gutierrez @usace.army.mil 505.342.3485



Mix DesignMix Design

-- Determine the Most Economical and PracticalDetermine the Most Economical and Practical
Combination of Materials to Produce a Concrete ThatCombination of Materials to Produce a Concrete That
Satisfies the Specification and PerformanceSatisfies the Specification and Performance
RequirementsRequirements

-- Strength and DurabilityStrength and Durability

-- Consistency and UniformityConsistency and Uniformity

-- Acceptable WorkabilityAcceptable Workability

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Laboratory Mix Design GuidelinesLaboratory Mix Design Guidelines

•• Develop mixes with different w/cm ratios to establishDevelop mixes with different w/cm ratios to establish
sensitivity of flexural strength with w/cm ratio (establish asensitivity of flexural strength with w/cm ratio (establish a
3 point curve)3 point curve)

•• Monitor slump loss during mix design. Excessive slumpMonitor slump loss during mix design. Excessive slump
loss (1 in. in 15 minutes) may indicate false setting orloss (1 in. in 15 minutes) may indicate false setting or
material incompatibility problemmaterial incompatibility problem

•• Conduct early age strength tests to evaluate potentialConduct early age strength tests to evaluate potential
problems at 28 daysproblems at 28 days

•• Monitor concrete cylinder temperature during first 12Monitor concrete cylinder temperature during first 12
hours. Only a small temperature increase may indicatehours. Only a small temperature increase may indicate
retardation tendency due to material incompatibilityretardation tendency due to material incompatibility

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center

Best Practices Manual



Mix DesignMix Design
RequirementsRequirements

-- COE Validated / Approved LaboratoryCOE Validated / Approved Laboratory

-- ACIACI –– 211 Methodology211 Methodology

-- Representative Materials with TestRepresentative Materials with Test
Reports / CertificationsReports / Certifications

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



-- Cementitious Material ApprovalCementitious Material Approval

-- Proportion Aggregates at SSDProportion Aggregates at SSD

-- No Substitutions of Materials PermittedNo Substitutions of Materials Permitted
Without Additional Testing and ApprovalWithout Additional Testing and Approval

Mix DesignMix Design
RequirementsRequirements

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



-- Determine Optimum Overall Gradation ofDetermine Optimum Overall Gradation of
Coarse and Fine AggregatesCoarse and Fine Aggregates

-- WorkabilityWorkability

-- Minimize Paste ContentMinimize Paste Content

-- Blend to meet “AF Gradation Requirements”Blend to meet “AF Gradation Requirements”

-- Dense GradingDense Grading

Aggregate GradationAggregate Gradation

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



-- Mandatory on all USAF ProjectsMandatory on all USAF Projects

-- Method for Selecting AggregateMethod for Selecting Aggregate
Grading for Use in Concrete MixesGrading for Use in Concrete Mixes

-- Treats the Combined AggregateTreats the Combined Aggregate
Grading as a Single Component InsteadGrading as a Single Component Instead
of Individual Sizeof Individual Size GradingsGradings

Air Force GradationAir Force Gradation
RequirementsRequirements

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



 AGGREGATE
BLENDED TOTAL

SIEVE PERCENT PASSING     BY
SIZE N0. 4 NO. 67 SAND AGG 4 WEIGHT VOLUME

aggregate

1.5 100.0 100.0 100.0 0.0 100.0 100.0

1.0 51.0 100.0 100.0 0.0 94.7 94.8

3/ 4 8.0 97.0 100.0 0.0 88.9 89.1

1/ 2 3.0 56.0 100.0 0.0 71.8 72.0

3/ 8 2.0 30.0 100.0 0.0 61.1 61.4

# 4 2.0 4.6 89.0 0.0 45.5 45.7

# 8 2.0 3.0 71.0 0.0 36.1 36.3

# 16 0.0 0.0 67.0 0.0 32.7 32.9

# 30 0.0 0.0 43.0 0.0 21.0 21.1

# 50 0.0 0.0 18.0 0.0 8.8 8.8

# 100 0.0 0.0 4.0 0.0 2.0 2.0

# 200 1.1 2.0 1.8 0.0 1.8 1.8

# 325 0.0 0.0 0.0 0.0 0.0 0.0

PAN 0.0 0.0 0.0 0.0 0.0 0.0

FM 7.85 6.63 3.06 9.00 5.02 5.01

Combined Aggregate GradingCombined Aggregate Grading



Combined GradationCombined Gradation



Coarseness and Workability FactorsCoarseness and Workability Factors

Coarseness Factor (CF):Coarseness Factor (CF):

(Cumulative % Retained 9.5mm(3/8”) Sieve /(Cumulative % Retained 9.5mm(3/8”) Sieve /
Cumulative % Retained 2.36mm(No. 8 Sieve)) XCumulative % Retained 2.36mm(No. 8 Sieve)) X
100100

Workability Factor (WF):Workability Factor (WF):

Cumulative % Passing 2.36mm (No. 8) SieveCumulative % Passing 2.36mm (No. 8) Sieve

-- Adjust Upwards Only 2.5% Per 42KG (94 Lbs.)Adjust Upwards Only 2.5% Per 42KG (94 Lbs.)
CementitiousCementitious

Greater Than 335 KG (564 Lbs.)Greater Than 335 KG (564 Lbs.)
US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center
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ZONE DESCRIPTIONSZONE DESCRIPTIONS
Zone IZone I -- Coarse, GapCoarse, Gap--Graded Tends to SegregateGraded Tends to Segregate
Zone IIZone II -- Well graded 1Well graded 1--1/2" and 1"1/2" and 1"
Zone IIIZone III-- 3/4" and Finer3/4" and Finer
Zone IVZone IV-- StickySticky
Zone VZone V -- RockyRocky

Coarseness and Workability FactorCoarseness and Workability Factor

KIRTLAND AFB RAMP
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Aggregate Proportioning GuideAggregate Proportioning Guide
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Workability Box Within Aggregate Proportioning GuideWorkability Box Within Aggregate Proportioning Guide



“Hay Stack” Curve“Hay Stack” Curve

“In a Perfect World”“In a Perfect World”
USAF ETL 97-5
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“Acceptable Blend”“Acceptable Blend”

A general rule of thumb is to keep the material retained on eachA general rule of thumb is to keep the material retained on each sieve to less than 18 percent sieve to less than 18 percent 
but more than 8 percent.but more than 8 percent.

An acceptable curve will have peaks prior to the 9.5mm size andAn acceptable curve will have peaks prior to the 9.5mm size and then a uniform transition to then a uniform transition to 
the lowest size materials. In this Example, the small peak at ththe lowest size materials. In this Example, the small peak at the No. 4 sieve size would be e No. 4 sieve size would be 
acceptable since the valley following the No. 4 is about the samacceptable since the valley following the No. 4 is about the same percentage from the deviation e percentage from the deviation 
of a straight line between the 9.5mm size and the No. 16 sieve sof a straight line between the 9.5mm size and the No. 16 sieve size.ize.



For this material, the peak in the curve occurs at and adjacent For this material, the peak in the curve occurs at and adjacent to the top size of the to the top size of the 
aggregate; i.e., the first sieve size which retains material. Thaggregate; i.e., the first sieve size which retains material. The adjacent sieve size is also at e adjacent sieve size is also at 
the peak. The result is that there is a large quantity, by weighthe peak. The result is that there is a large quantity, by weight, of large stone sizes. There is t, of large stone sizes. There is 
little volume left to provide for the blend and the fine aggregalittle volume left to provide for the blend and the fine aggregate sizes. The resulting te sizes. The resulting 
combined aggregate grading will have a “plums in the pudding” efcombined aggregate grading will have a “plums in the pudding” effect. These mixtures tend fect. These mixtures tend 
to segregate upon vibration and finish poorly because of excessito segregate upon vibration and finish poorly because of excessive voids which must be ve voids which must be 
filled with mortar.filled with mortar.

“Unacceptable Blend”“Unacceptable Blend”

USAF ETL 97-5
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Aggregate

Total Mix

1.53/4"1.01/2#4#8#16#30#50#100#200#325 3/8"

Gradation CurveGradation Curve –– Total BlendTotal Blend

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Mix Design RequirementsMix Design Requirements

-- Specified Flexural Strength: Based on BeamsSpecified Flexural Strength: Based on Beams

-- 4. 834. 83 MpaMpa (700 PSI) @ 90(700 PSI) @ 90--days agedays age

-- Max. Allowable Water/Cement Ratio: 0.45Max. Allowable Water/Cement Ratio: 0.45

-- Minimum Cementitious Content: 307 Kg/CMMinimum Cementitious Content: 307 Kg/CM

-- Fly Ash in MixtureFly Ash in Mixture

-- Minimum Cement Content: 335 Kg/CMMinimum Cement Content: 335 Kg/CM

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



•• NonNon--Reactive AggregatesReactive Aggregates

••1515 –– 35% of Total35% of Total CementitiousCementitious (Mass)(Mass)

•• Reactive Aggregate (ASR Mitigation):Reactive Aggregate (ASR Mitigation):

•• Class F:Class F:

•• 2525 -- 40 % of Total Cementitious (Mass)40 % of Total Cementitious (Mass)

•• Calcium Oxide (Calcium Oxide (CaOCaO): < 8%): < 8%

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center

Mix Design RequirementsMix Design Requirements



Mix Design RequirementsMix Design Requirements
-- Air Content: 4.5% To 7.5% at PaverAir Content: 4.5% To 7.5% at Paver

-- Maximum SlumpMaximum Slump

-- SlipformSlipform: Contractor Selects at Start of: Contractor Selects at Start of
ProjectProject

-- Fixed Form: 50 Mm (2 Inches)Fixed Form: 50 Mm (2 Inches)

-- Trial Batches (3 Different Water/CementTrial Batches (3 Different Water/Cement
Ratios)Ratios)

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Mix Design RequirementsMix Design Requirements

-- Proportion Batches atProportion Batches at

-- Maximum Allowable SlumpMaximum Allowable Slump

-- Maximum Allowable Air ContentMaximum Allowable Air Content

-- No HRWRA or Flowing Concrete PermittedNo HRWRA or Flowing Concrete Permitted

-- No Changes to Design Dosages: WRA & RANo Changes to Design Dosages: WRA & RA

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Mix Design RequirementsMix Design Requirements

For Change in Materials:For Change in Materials: ConductConduct
New Mix Design StudiesNew Mix Design Studies

-- No Paving Until COE Approval ofNo Paving Until COE Approval of
Mix DesignMix Design

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Mix Design RequirementsMix Design Requirements
Separate Trial Mixture Studies forSeparate Trial Mixture Studies for

-- Each Combination of Proposed MaterialsEach Combination of Proposed Materials
i.e.i.e. CementitiousCementitious, Admixtures, Admixtures

-- Special Properties i.e. Type III, Trap RockSpecial Properties i.e. Type III, Trap Rock
(Thermal Areas)(Thermal Areas)

-- Placement Methods i.e. Hand or OddPlacement Methods i.e. Hand or Odd--
Shaped Slabs, Placing/Finishing EquipmentShaped Slabs, Placing/Finishing Equipment

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Mix Design TestingMix Design Testing

Strength TestingStrength Testing

-- For Each Mixture (3 Different Water/Cement Ratios)For Each Mixture (3 Different Water/Cement Ratios)

-- Fabricate and Test Six BeamsFabricate and Test Six Beams ANDAND Six Cylinders PerSix Cylinders Per
Age (Same Batch)Age (Same Batch)

-- Required Ages: 7, 14, 28, 56 and 90Required Ages: 7, 14, 28, 56 and 90--DayDay

For Each Age:For Each Age: Plot each W/C Versus AveragePlot each W/C Versus Average
Flexural and Average Compressive StrengthFlexural and Average Compressive Strength

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Mix DesignMix Design

Strength TestingStrength Testing
For Each Age:For Each Age: Plot Each W/C Versus AveragePlot Each W/C Versus Average
Flexural and Compressive StrengthFlexural and Compressive Strength

-- Using Graphs:Using Graphs: Determine W/C Equal/ExceedsDetermine W/C Equal/Exceeds
Required Average 90Required Average 90--day Flexural Strength:day Flexural Strength:
5.55MPa (805 PSI)5.55MPa (805 PSI)

-- Using Selected W/C and Graphs:Using Selected W/C and Graphs: DetermineDetermine
Expected Flexural and Compressive Strengths atExpected Flexural and Compressive Strengths at
the Required Ages For Mixesthe Required Ages For Mixes

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Mix Design TestingMix Design Testing

Correlation Ratios DeterminationsCorrelation Ratios Determinations

-- For Selected Mixture:For Selected Mixture:

-- Ratio 14Ratio 14--day Compressiveday Compressive ToTo 9090--day Flexuralday Flexural
Strength (Acceptance)Strength (Acceptance)

-- 1414--day Compressive = 4000 psiday Compressive = 4000 psi

-- 9090--day Flexural = 805 psiday Flexural = 805 psi

--Ratio Calculation: 4000 / 805 =Ratio Calculation: 4000 / 805 = 4.974.97

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Mix Design TestingMix Design Testing

Correlation Ratios DeterminationsCorrelation Ratios Determinations

-- Ratio 7Ratio 7--day Compressiveday Compressive ToTo 9090--day Flexuralday Flexural
Strength (CQC Control)Strength (CQC Control)

-- 77--day Compressive = 3400 psiday Compressive = 3400 psi

-- 9090--day Flexural = 805 psiday Flexural = 805 psi

Ratio Calculation: 3400 / 805 =Ratio Calculation: 3400 / 805 = 4.224.22

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Other Design TestingOther Design Testing

•• Not Required But BeneficialNot Required But Beneficial

–– Set TimeSet Time

–– Bleeding of ConcreteBleeding of Concrete

–– Unit WeightUnit Weight

–– Vary Dosages of AdmixturesVary Dosages of Admixtures

•• Paving Seasons (Summer / Fall)Paving Seasons (Summer / Fall)

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Concrete Materials IncompatibilityConcrete Materials Incompatibility
•• Problems that may developProblems that may develop

–– Early stiffeningEarly stiffening

–– Excessive retardationExcessive retardation

–– Poor air void systemPoor air void system

–– Early age crackingEarly age cracking –– excessive shrinkageexcessive shrinkage

•• Affected by ambient temperatureAffected by ambient temperature –– no problems at oneno problems at one
temperature, but problems at another temperaturetemperature, but problems at another temperature

•• Potential causesPotential causes

–– Higher potential with use of supplementary cementingHigher potential with use of supplementary cementing
materials & 2 or 3 admixturesmaterials & 2 or 3 admixtures

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center

Best Practices Manual



Mix Design Study ReportMix Design Study Report
Multiple BatchesMultiple Batches



Trial Batch Summary ReportTrial Batch Summary Report



Compressive Strength SummaryCompressive Strength Summary ReportReport

Three Trial BatchesThree Trial Batches



Flexural Strength ReportFlexural Strength Report

Single Batch Test DataSingle Batch Test Data



Compressive Strength ReportCompressive Strength Report

Single Batch Test DataSingle Batch Test Data



W/CW/C vsvs Compressive StrengthCompressive Strength



W/C+P  W/C+P  vs vs Flexural StrengthFlexural Strength



Flexural StrengthFlexural Strength vsvs Compressive StrengthCompressive Strength

MIX DESIGN STUDYMIX DESIGN STUDY



Specified StrengthSpecified Strength vsvs
Required Strength OptionRequired Strength Option

-- Mix Design May Be Submitted Based OnMix Design May Be Submitted Based On
Historical Performance (Current To Within 1Historical Performance (Current To Within 1
Yr.)Yr.)

-- Statistical AnalysisStatistical Analysis

-- OverdesignOverdesign To Accommodate BatchTo Accommodate Batch ––ToTo ––
Batch and Within Batch VariationBatch and Within Batch Variation

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



-- Variations in Materials, Weather, andVariations in Materials, Weather, and
Other Conditions Can ProduceOther Conditions Can Produce
Variations in Slump and Air ContentVariations in Slump and Air Content

-- Production Control is EssentialProduction Control is Essential

-- Review of Production Test DataReview of Production Test Data

-- Review Mill Test ReportsReview Mill Test Reports

Field Control of MixturesField Control of Mixtures

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



-- Actions to Minimize Fresh PropertyActions to Minimize Fresh Property
VariationsVariations

-- Make Accurate Moisture CorrectionsMake Accurate Moisture Corrections

-- Keep Aggregate Grading UniformKeep Aggregate Grading Uniform

-- Adjust AirAdjust Air--Entraining AdmixtureEntraining Admixture

-- Verify Specific GravityVerify Specific Gravity

Field Control of MixturesField Control of Mixtures

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center



Minor Adjustments Of Mix DesignMinor Adjustments Of Mix Design
Will Likely Have To Be MadeWill Likely Have To Be Made
During Production.During Production.

Important To Identify The PersonImportant To Identify The Person
Authorized To Make Adjustments.Authorized To Make Adjustments.

US Army Corps of EngineersUS Army Corps of Engineers –– Transportation Systems CenterTransportation Systems Center
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QUESTIONS??QUESTIONS??


